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 carries papers on a wide range of topics
dealing with invasions of introduced plant species. The collection of articles did not
arise from a conference or workshop, but grew from a founder population of con-
tributed manuscripts. Some additional papers were solicited to ensure coverage of
other established or emerging fields of research in plant invasion ecology. The com-
pilation represents a reasonable cross section of issues that currently occupy plant
invasion ecologists. The editorial places the contributions in context and summa-
rizes some key findings. It also suggests some profitable avenues for future research
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MINING THE GLOBAL TRANSPLANT 
EXPERIMENT
 
An improved understanding of the factors that make some
species highly invasive when moved to new habitats, while others
are less invasive or not invasive at all, relies on objective assessments
of the status of alien species in as many parts of the world as
possible. Long time lags often occur between introduction and
naturalization and eventual invasion (Kowarik, 1995) and many
factors interact to determine whether and to what extent alien
species will become naturalized or invasive. This means that
no amount of manipulative experimentation will ever tell us as
much, for as many species, over such large areas, as carefully eval-
uated natural experiments involving thousands of translocated





Three papers in this issue explore the ongoing natural experiment
of introductions of species to and from all corners of the world.
These studies explore the extent of invasiveness of selected taxa,
globally or for particular regions, or of all alien taxa in a region.
Richardson & Rejmánek (2004) report on a global survey of intro-
duced conifers. They show that the degree of invasiveness in conifers
has clear taxonomic patterns, with marked over-representation




 in particular. A predictive framework, building on previ-




 shows that life-history traits associated
primarily with reproduction and dispersal are very useful for
predicting invasiveness in other taxa. Meyer & Lavergne (2004)
focus on the status of introduced members of the family Acan-
thaceae on tropical Indo-Pacific islands. They show that many
species in this family, which is generally not considered to be
particularly ‘aggressive’, are either already widespread invaders
or potentially so, especially because of their usage as ornamental




. (2004) provide the first
detailed assessment of the alien flora of Taiwan, the only area
of East Asia for which a comprehensive alien flora is available.
Among other interesting findings, they reveal that Taiwan has
fewer established alien species per (log) area than most islands at
similar latitudes. Whether this means that Taiwan’s ecosystems
are more resistant to invasions, or whether it simply reflects a
history of fewer introductions, remains to be studied. Insights
emerging from studies such as these are improving our knowl-
edge of the inherent invasiveness of some taxa, of the importance
of time lags, and of the roles of many biotic and abiotic factors in
facilitating or limiting invasions. It is well known that the best
available indicator of the risk of an alien species becoming
invasive is whether it invades elsewhere (e.g. Reichard & Hamilton,
1997). The problem is that only once a species has been given the
opportunity to invade in a range of conditions over sufficient
time can we reliably label such a species as ‘invasive’ or ‘non-invasive’.
Further studies along the lines of the three mentioned above are
required in all parts of the world to enable us to improve global
lists of invaders. On the subject of global lists of plant invaders,
probably the best available one is that complied by Weber
(2003). Such carefully compiled lists are opening new windows





ek, 2004). They are also essential for understanding
the vectors and pathways that drive invasions at different spatial
scales (Williamson, 2004).
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An encouraging development is the increasing availability of
databases, some with detailed information on species traits. One
of the most useful of these is the BiolFlor database (http://
www.ufz.de/biolflor/) which contains plant-trait data for 3659





Central Europe is the source of many invasive species throughout





is an extremely useful resource for invasion ecologists. Another
useful database is that of the California Exotic Pest Plant Council
(CalEPPC; http://www.caleppc.org/). Several studies have used
information from this database to address a range of issues in
plant invasion ecology. For example, Dark (2004) examined the bio-
geography of different categories of alien plants in bioregions
of California. Rejmánek & Randall (2004), commenting on Dark’s
(2004) analyses, draw attention to an interesting feature of the data
assembled for the study. They show that the total number of nat-
uralized species in bioregions is a good indicator of the present or
future problems with ‘alien pests’ (the small sample of naturalized
species that cause substantial impact). This has important impli-
cations for regional-scale planning to manage alien plant invasions.
A myriad of factors interact to determine the outcome of an
introduction — whether an alien species will survive, grow, and
reproduce in a new habitat. General habitat compatibility (the
ability to survive and grow in the climatic and edaphic condi-





. (2004) review the history of comparative studies
of plant invasions in regions with similar climates. They discuss
why such studies have considerable scope for answering pressing
questions in plant invasion ecology, but elucidate some of the
obstacles that face researchers. Among the biggest problems is
the inconsistent criteria applied in different parts of the world
for defining the status of alien species. This bedevils attempts
to compare correlates of invasions between regions. Efforts to





will hopefully improve the situation.
Little attention has been given to regional differences in traits
between populations of invasive alien species. Many invasive
alien species have been present in their new ranges for a century
or more, giving them time to sample a wide range of available
habitats. Kollmann & Bañuelos (2004) examine latitudinal





 across nine European regions. They
report a decrease in plant size and time to flowering for northern
populations in a common garden experiment. This latitudinal
trend is interpreted as an adaptation to the length of the growing
season. Since the latitudinal trend can be observed in a common
garden, the experiment suggests that the regional differences are
not the result of the species’ plasticity, but may reflect genetic
adaptations. This means that regional and local differentiation of
populations need to be taken into account when developing
management plans for widespread invaders, since such differ-
ences affect, for example, the success of biological control agents.
 
INVASIVENESS UNDER THE SPOTLIGHT — 
MANIPULATIVE EXPERIMENTS
 
The accurate labelling of species as ‘invasive’ or ‘non-invasive’ is
also a crucial prerequisite for experimental studies that seek
mechanistic explanations for invasiveness. One paper in this
issue compares the performance of invasive and non-invasive
species in the family Commelinaceae (dayflowers) along experi-
mental gradients of nutrient and water availability (Burns, 2004).
Invasive species had higher relative growth rates than non-
invasive congeners at high nutrient availabilities, but there was
no difference under low-nutrient conditions. The finding that
invasive species have higher growth rates than non-invasive













. (2004) found no significant relation-
ship between the relative growth rates of seedlings and invasive-
ness in naturalized woody plants in New Zealand. Further





Much effort has been spent recently on exploring the relation-
ship between species richness of communities and their suscepti-
bility to invasion by alien species. Stemming from the pioneering
work of Elton (1958), the prevailing view until recently was that
species-poor systems were most susceptible to invasion. This
‘biotic resistance’ view has been challenged in many studies over
the past two decades, with increasing evidence of strong positive
relationships between native and alien species richness at large




. (2004) explore the notion




., 2003) with reference
to alien weeds and native plant species in Mexico. Unlike the
situation in many parts of the world, most weeds in Mexico are





. found evidence of biotic resistance,
where native weedy species seem to protect, to some extent,
communities against the incursion of alien species. The main
message to emerge from this study is that native plants are
not homogeneous in their interaction with alien species. Thus,
in multiple regression models, species richness of native weeds
correlates negatively with alien species, whereas richness of non-
weed natives correlates positively. This finding is helpful when
considering the often contradictory results that are emerging from
the study of the relationship between species richness and invasibility




The ability to reproduce outside of the native range is a key
requirement for the naturalization and invasion of alien plant
species. Many major plant invaders reproduce largely or exclus-
ively by vegetative means. By far the majority, however, reproduce
sexually. Most aliens arrive in small numbers, and face many
potential obstacles to sexual reproduction in a novel environ-














likely to be successful invaders if they are capable of uniparental
reproduction. Self-incompatible or dioecious species should be
less successful. Surprisingly little work has been done on this
topic. Rambuda & Johnson (2004) examined a sample of 17
invasive alien plant species in South Africa to establish their
breeding systems and whether they conform to Baker’s Rule. All
17 species were either self compatible or apomictic, and most
were capable of autonomous self pollination. While these data
point to mode of reproduction as a key determinant of invasions,
we still have a poor understanding of the mechanisms by which
uniparental reproduction may promote invasions. Baker placed
most emphasis on the role of uniparental reproduction in single
colonists (i.e. alleviation of partner limitation), but the authors
suggest a number of other scenarios whereby uniparental repro-
duction may contribute to the alleviation of pollen limitation,
including lack of suitable pollinators, a tendency of pollinators to
ignore small populations, and saturation of pollinators in very
dense stands of invasive plants.
 
MODELLING — PUSHING THE ENVELOPE
 
The increasing sophistication of Geographic Information
Systems (GIS), remote sensing and spatial analysis techniques,
and the improved resolution of environmental data are paving
the way for very detailed and novel studies of invasion patterns
and processes. Six papers in this issue utilize GIS and associated
technology to address a range of crucial issues in plant invasion
ecology. Their aims range from guiding management actions
to shedding light on fundamental aspects of invasion dynamics.
The studies demonstrate applications of modelling techniques
at a variety of spatial scales (country-wide to single protected
areas), in landscapes with varying degrees of integrity (natural





. (2004a) report on a study of alien plant
distribution in human-modified and seminatural habitats
throughout Germany. Their aim was to determine whether the
degree of naturalization of neophytes (species introduced to the
region after 1500) can be explained by ‘niche-breadth variables’
including the number of available habitats, vegetation forma-
tions, and information on the species’ global range. They found
that species with a wider distribution in Germany usually have
achieved a higher degree of naturalization. Also, distribution of
species in Germany could be explained by niche-breadth vari-
ables. Such variables could, however, not explain the degree of
naturalization in Germany, and other factors, such as propagule
pressure that are thought to explain the observed pattern.
Propagule pressure is frequently invoked as an important driver
of invasions, but its role is usually difficult to untangle from
many other factors, especially in human-dominated ecosystems









from a single known source in South Africa’s Kruger National
Park. They assess the role of propagule pressure and a range of
environmental factors in structuring the 50-year invasion
pattern. Results suggest that propagule pressure can act as a
fundamental driver of invasions, its influence greatly reducing
constraints placed on the invader by features of the environment.
Gaining a more robust and practical understanding of propagule
pressure is probably the biggest challenge facing invasion
ecologists. Understanding propagule pressure is the new frontier
in invasion ecology. Other studies examined a variety of different
spatial modelling techniques applied to different ecosystems. In




. (2004) used a process-based





). Their model drew
on the results of detailed survey data, land use data, and estimates
of spore availability to model potential spread dynamics. In





modelled presence and abundance of alien species using avail-
able vegetation data, the type and number of alien species (41),
and terrain features. A Genetic Algorithm for Rule-set Production
(GARP) model was applied to predict areas most likely to be
invaded, providing guidance for control and monitoring activities.
Two papers present modelling applications at a national scale for




. (2004) introduce a
new modelling technique (the fuzzy envelope model; FEM) for
predicting potential distributions of organisms using presence-
only locality records and a set of environmental predictor variables.
FEM performed consistently better than BIOCLIM-type models,
and is a significant addition to the range of models available




. (2004) assess the climatic
correlates of distribution of 71 important invasive alien plants
in South Africa, Lesotho and Swaziland. Their aim was to
inform national policy on long-term approaches for managing
invasive alien species in this region. They used a variant of
climatic envelope models (CEMs) to derive climatic-suitability
surfaces; these were then used to assess the potential of further
spread of these species. The six modelling studies in this issue
give a flavour of this rapidly developing area of invasion ecology,
highlighting a number of spatial modelling approaches that
can be adapted for other invasive species and geographical regions.
Such techniques, while contributing to our understanding of the
range dynamics of alien species, also provide the foundation




It is often stated that biological invasions are the second most
important threat to biodiversity, after direct habitat transformation
(Vitousek, 1997). The dimensions and magnitude of impacts of





., 2001). This makes it very difficult to compare
impacts of different invaders, or to contrast impacts attributable





2004). Nonetheless, it is becoming increasingly important to
set objective priorities for managing invasive alien species
based on their economic and environmental impacts. Despite









2002), thorough assessments of impacts are still rare in plant
invasion ecology. Two interesting contributions are included in
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effects of willows invasions on terrestrial arthropods. The
observed differences in abundance, diversity, and composition of
arthropod communities between invaded and non-invaded
riparian zone is likely to change in-stream food webs and have
important effects on higher-order consumers.




 species in south-eastern Spain,





 species in SE Spain to soil conditions that regulate
establishment and clonal reproduction. They suggest that the
sandy soils in SE Spain provide a niche dimension that enhances







WINNING THE SCIENCE BATTLE BUT LOSING 
THE CONSERVATION WAR?
 
In an important essay, Hulme (2003) argued that whereas
major advances are being made in the science of invasion ecol-
ogy, much less progress is being made in improving our ability to
manage invasions. The papers in this issue attest to the substan-
tial advances on the science side. There are, however, fewer real
advances to report on the management side. Fortunately, there
are some exceptions, perhaps most notably the ‘Working for
Water’ programme in South Africa. Hobbs (2004) gives an over-
view of a recent synthesis of the science behind the programme.
The success of ‘Working for Water’ is attributable to the fortunate
co-occurrence of events in South Africa’s history. Although many
of the elements of the programme are undoubtedly country spe-
cific, some ingredients (not least of which is the sound scientific
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